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The hypothesis that increased heart muscle contractility leads to HCM and
reduced contractility leads to DCM is based mainly on studies on myosin motor
proteins. This hypothesis predicts that a change in cardiac actin (ACTC) may
impact muscle contractility. To test this prediction, we determined the interac-
tions between myosin and 8 of 16 ACTC mutant proteins that are known to
cause hypertrophic or dilated cardiomyopathy. R312H showed a decreased
actin-activated S1 ATPase rate (13.150.63 mM/min) compared to WT
(15.351.58 mM/min), whereas the rate with E99K was significantly higher
(20.151.46mM/min). In vitro motility assays were performed with varying
ATP concentrations. E99K exhibited increased KM (0.08650.02 mM)
compared to WT (0.06850.02 mM). E99K demonstrated a significantly
decreased Vmax (1.9350.1 mm/sec) compared to WT (3.3150.12 mm/sec).
In contrast, M305 had a similar KM (0.08850.01 mm/sec) to E99K, but its
Vmax (3.3950.11mm/sec) was similar to WT. Based on a 5 nm myosin step
size, we calculated a duty ratio of about 0.04 for WT and most mutant actins;
however, the duty ratio was twice as high for E99K. With thin-filament ex-
tracted and reconstituted muscle fibers with E99K, a slight, but significant in-
crease in Ca2þsensitivity (DpCa=0.1150.04) was observed; consequently
tension was slightly larger than that of WT for pCa ranging 5.6-6.0, without
changing maximum tension at pCa 4.66. These experiments suggest that the
primary change with the E99K actin mutant is enhanced ATP usage and
increased tension at partial activation, which lead to HCM.
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ADF/cofilin proteins are widely distributed in various species, and modulate
actin dynamics by severing actin filaments. EM and biochemical analyses
show that cofilin binds to actin filaments with positive cooperativity, and in-
creases the twist of actin filaments. The phosphorescence anisotropy analysis
shows the binding of cofilin increases the torsional fluctuation of actin filaments,
and phalloidin inhibits the increase in the fluctuation induced by cofilin binding.
We directly examined the binding of fluorescence-labeled cofilin to actin fila-
ments by a single molecule imaging technique. The on rate of cofilin binding
to actin filaments was estimated at 0.07 mM1s1, and the off-rate 0.6 s1
when the cofilin concentration was 30-100 nM. During long-lasting cofilin bind-
ings (>0.4 s), additional cofilin bindings in the vicinity (<300nm) of the initial
binding site were observed, and the on-rate of the additional bindings was
increased to 0.16 mM1s1. By contrast, the off-rate of the additional cofilin
bindingwas not affected by the long-lasting binding. The cooperative parameter
was estimated at 2.3 (0.16/0.07). These results indicate that long-lasting cofilin
binding enhances the additional binding of cofilin in the vicinity of the initial
binding site, but it does not affect the dissociation of cofilin. At 5 mMphalloidin,
the on-rate of binding of cofilin to actin filaments decreased from 0.07 to 0.026
mM1s1, and the on-rate of the additional binding in its vicinity decreased from
0.16 to 0.032 mM1s1, while the off-rate of the initial and additional cofilin
bindings were not altered; i.e., both the cofilin binding and the cooperative
parameter (0.032/0.026=1.2) were decreased by phalloidin. Above results sup-
port the view that binding of cofilin increases the torsional fluctuation of actin
filaments and the increase is required for the cooperative binding of cofilin.
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Research Center, Osaka University, Suita, Japan.In the past couple of decades, single molecule measurement techniques have
tremendously unveiled dynamic behavior and function of individual motor
protein molecules. In many living systems, however, multiple molecules
work with sort of cooperativity to increase the energy efficiency and the
robustness. To understand the physicochemical mechanism of the motor pro-
tein systems, the attention is now shifting to upper hierarchy; from individual
elements to cooperative motion of multiple protein molecules. We have pro-
posed a novel technique for simultaneous nanometric tracking of dynamic
behavior of multiple motor proteins along a one-dimensional rail protein fila-
ment. By simple combination of a total internal reflection fluorescence micro-
scope with an imaging spectrometer, multiple motor proteins labeled with
quantum dots of different colors can be simultaneously observed with the
millisecond time resolution. Even two or more adjacent motor proteins work-
ing within nanometric scale, which is much smaller than spatial resolution of
optical microscopy, can be separately tracked. Our microscopy system has
successfully tracked one-dimensional processive movement of multiple myo-
sins (myosin VI) with a few nanometers precision, and realized observation
of how they were chasing each other back and forth on an actin filament.
We also applied the microscopy to dynamic observation of two heads of a
single myosin (myosin V), and showed the hand-over-hand walking manner,
which is consistent with previous works. Furthermore, we extended the tech-
nique to two dimensional tracking and applied it to tracking of multiple
myosin V on two-dimensional plane. We believe that this would be a useful
tool to investigate cooperative movement of motor protein molecules in
nanoscale.
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Mutations in sarcomeric actins have been linked to various skeletal and cardiac
myopathies. In contrast, only a small number of mutations in the cytoplasmic
isoforms b-actin and g-actin have been identified and linked to disease pro-
cesses. Here, we describe the characterization of disease-related human b-actin
mutants R183W and E364K. Mutation R183W is associated with develop-
mental malformations, deafness and dystonia. The residue is located in subdo-
main 4 in the nucleotide binding cleft and participates in forming a gate-like
structure for the nucleotide. Mutation E364K was found in a patient with
neutrophil dysfunction. E364 is a surface residue in subdomain 1. We produced
both mutants in Sf9 cells and characterized their properties in vitro. The mid-
points of the thermal transition Tm, which correspond to the temperatures at
which half of all protein molecules are in the native state and the remaining
half is in the denatured state, are unaffected by the mutations suggesting proper
folding and normal protein stability. Both mutants display increased affinity for
DNase-I indicating conformational changes in subdomain 2 that appear to alter
the binding interface between monomers. Activated neutrophils are highly
motile phagocytic cells and they are thus highly sensitive to changes that affect
actin polymerization and F-actin stability. We observed reduced rates of nucle-
otide exchange and elongation velocities during polymerization for R183W and
E364K b-actin. Mutation R183W accelerates ATP hydrolysis by F-actin.
R183W b-actin shows impaired ability to activate non-muscle myosin 2A
ATPase.
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Nonmuscle myosin-2B (NM-2B) is a class II myosin involved in cellular pro-
cesses requiring proper tension maintenance in the cytoskeleton such as cell po-
larity, movement, and division. The expression of MYH10, the gene encoding
the NM-2B heavy chain, is tightly regulated in a time and space dependent
manner. It has been suggested that the
localization and functional competence of
NM-2B is influenced by complex forma-
tion with specific isoforms of actin and
tropomyosin (Tm). In previous work, we
have shown that ATP turnover by NM-2B
is up to 4-fold increased when skeletal
muscle actin is exchanged against cyto-
plasmic actin isoforms. To study the func-
tional competence of NM-2B in the
presence of regulated cytoplasmic actin
